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SUMMARY 

The National Aeronautics and Space Administration is  undertaking a storm 
hazards research program to  extend t h e  knowledge and understanding of atmo- 
spher ic  processes a s  they affect aircraft  design and operat ions.  
cur ren t  phase, t h e  Storm Hazards ' 79  program, prel iminary f l i g h t  tests wi th  an 
NASA-owned F-106B a i r c r a f t  were made on t h e  per iphery of isolated thunderce l l s  
located within 100 n.mi. of t h e  NASA-Langley Research Center using NASA-Wallops 
F l i g h t  Center weather radar support. 

I n  t h e  

I n  addi t ion  to  research  i n  t h e  c o r r e l a t i o n  of d i f f e r e n t  s t o r m  hazards,  
two o t h e r  experiments were conducted. Provision w a s  made for a i rborne  measure- 
ments of t h e  l ightning-generated electromagnetic environment by a d i r e c t - s t r i k e  
l igh tn ing  measurement system. I n  addi t ion ,  a f e w  atmospheric samples were 
gathered o u t s i d e  thunderce l l s  by an onboard a i r  sampler system f o r  a n  
atmospheric chemistry experiment. 
to l ightning-generating cumulonimbus clouds; however, no direct l i g h t n i n g  
s t r i k e s  weie experienced. 
recorded, many opera t iona l  techniques were i d e n t i f i e d  and es tab l i shed .  

Tno f l i g h t s  were made i n  close proximity 

Although no d iscernable  l i g h t n i n g  t r a n s i e n t s  were 

It w a s  concluded tha t  actcal thundercel l  p e n e t r a t i o n s  w i l l  be requi red  
to insu re  a better p r o b a b i l i t y  of c o l l e c t i n g  direct l i g h t n i n g  s t r i k e  data. 
I t  w a s  also found t h a t  improved ground-based weather d i s p l a y s  and l i g h t n i n g  
information data a r e  required f o r  making more e f f e c t i v e  launch dec is ions  and 
test guidance. F ina l ly ,  f o r  storm penet ra t ion  research f l i g h t s ,  high caliber 
personnel e x p e r t i s e  i n  t h e  f i e l d s  of weather radar  opera t ion  and a i r  t r a f f i c  
cont ro l  w i l l  be required to  provide real-t ime guidance to t h e  research 
f l i g h t  crew. 

INTRODUCTION 

The National Aeronautics and Space Administration is undertaking a storm 
hazards research program to  extend t h e  knowledge and understanding of  atmo- 
spheric  processes as  they a f f e c t  aircraft  design and operat ions.  
o u t ,  t h e  ex is tence  and i n t e n s i t y  of t h e  hazards of severe convective storms to  
a i r c r a f t  operat ions are being measured using c u r r e n t  technology. In  t h e  
cur ren t  phase, t h e  Storm Hazards '79 program, prel iminary f l i g h t  tests wi th  an 
NASA-owned F-106B a i r c r a f t  were made on  t h e  per iphery of i s o l a t e d  thunderce l l s  
located within 100 n.mi. of  t h e  NASA-Langley Research Center using NASA-Wallops 
F l igh t  Center weather radar  support. 

To c a r r y  t h i s  

Thesc f l i g h t s ,  made under v i s u a l  meteorological condi t ions,  w e r e  con- 
ducted during August and September of 1979. This  p r o j e c t  is a cont inuat ion of 
t h e  Storm Hazards '78 program, i n  which an NASA-owned Twin O t t e r  a i r c r a f t  w a s  
flown near i s o l a t e d  thunderstorms occurr ing near t h e  National Severe Storms 
Laboratory i n  Norman, Oklahoma, and t.he NASA-Wallops F l i g h t  Center. The 



present  program was conducted i n  preparat ion for upcoming research involving 
da ta  co l lec t ion  during storm penet ra t ion  f l i g h t s .  

i n  addi t ion to research i n  the  co r re l a t ion  of  d i f f e r e n t  starm hazards, 
two o the r  experiments were planned. 
so t h a t  a i rborne measurements of t h e  l ightning-generated electromagnetic 
environment of direct s t r i k e s  could be made by a d i r e c t - s t r i k e  l igh tn ing  
measurement system i n s t a l l e d  i n  the aircraft. 
atmospheric po l lu t ion  effects on the  degradation of t h e  ozone layer ,  a i r  
samples were taken outs ide  thundercel ls  by an onboard a i r  sampler system f o r  
an atmospheric chemistry experiment. 
concentrations of CO and N20. 
N20 and CO being generated i n  the  atmosphere by l i gh tn ing  has created wide 
s c i e n t i f i c  i n t e r e s t .  

The F-106B research aircraft was modified 

To a i d  i n  the understanding of 

The a i r  samples were analyzed for 
The p o s s i b i l i t y  of a s i g n i f i c a n t  amount of  

Laboratory r e s u l t s  are presented i n  reference 1. 

The primary purpose of t h i s  paper is to  describe the opera t iona l  
p.rocedures using during the  Storm Hazards '79 program and t o  present  pro- 
cL.dures for fu tu re  programs involving thundercel l  penetrat ions.  
p ro tec t ion  modifications and t h e  l igh tn ing  and a i r  sampling data systems are 
described br ie f ly .  Final ly ,  t he  storm hazards co r re l a t ion  data obtained 
during this limited test program are shown. 

The l igh tn ing  

EQUIPMENT AND PROCEDURES 

Test Ai rc ra f t  

The test a i r c r a f t  for the  Storm Hazards program is  a NASA-owned F-106B 
Delta D a r t .  The F-106B is a two-seat, high performance, land-based delta- 
wing, all-weather in te rceptor .  
Whitney 575-P-17 a x i a l  f l o w  tu rbo je t  engine. 
can t i lever ,  stressed skin construct ion with a d e l t a  configurat ion and 60° 
sweep of the wing leading edge. 
are given i n  table I. 
view of t h e  a i r c r a f t  is given i n  f igu re  2. 

The aircraft is powered by a s i n g l e  P r a t t  and 
The wings are of the  f u l l  

The basic c h a r a c t e r i s t i c s  of the  a i rc raf t -  
Figure 1 is a photograph of t he  a i r c r a f t ,  and a three- 

Test Ai rc ra f t  C r i t e r i a  

Several  a i r c r a f t  were considered f o r  t he  role of penetrat ing moderate 
thunderstorms with the in ten t ion  of taking d i r e c t  l igh tn ing  s t r i k e s  f o r  data 
purposes. Among those considered w a s  a NASA-owned F-106B a i r c r a f t .  After a 
comparison of the c h a r a c t e r i s t i c s  of the F-106B a i r c r a f t  and o ther  candidate 
a i r c r a f t ,  the F-106B was found to  be the most s u i t a b l e  a i r c r a f t  f o r  the  Storm 
Hazards research mission. The s u i t a b i l i t y  of t he  F-106B a i r c r a f t  f o r  l igh tn ing  
research is discussed i n  reference 2 ,  and the  criteria used i n  the se l ec t ion  
of t h i s  a i r c r a f t  are a l s o  given i n  the  following paragraphs. 

Rugged construction.-  The F-106B a i r c r a f t  is a rugged f i g h t e r  design with 
maximum design load f ac to r s  of 6 to  -2.4. 

2 



Two seats.- The F-106B aircraft is a two seat aircraft, permitting a 
flight observer or copilot to accompany the pilot during the mission. 

Dual engine inlets.- As an aircraft flies forward, a lightning channel 
is swept aft along the fuselage, generally along one side or the other. 
F-106B aircraft has dual inlets, which minimize the chance of engine flamcout 
or compressoi stall from lightning since only half of the inlet air can be 
disrupted when a lightning flash is swept alopq one side of the fuselage. 

The 

Autoignition and engine restart capability.- There are still some 
possibilities of engine flameout or compressor stall from the disrupti-n 
of the inlet air by the lightning channel or from ingestion of water during 
flight through heavy precipitation. . flameout the F-106B aircraft has a production autoignition system which 
triggers on fluctuations in burner pressure. 

To alleviate the consequences of engine 

All-weather capability.- Aircraft can be modified to the desired research 
avionics standard for thunderstorm penetrations. 

High altitude capability.- The F-106B aircraft is capable of operations 
to 15.2 km (SO000 ft) with afterburner. 

Windshield and canopy design.- The windshield and canopy design of the 
F-106B provide good lightning protection because of the metal windshield 
centerpost and canopy centerline and window frames. These metal structures 
will prevent punctures of the windshield and canopy by lightning strikes 
sweeping past, or by static charge accumulations. The metal framework will 
also minimize streamerinq from the crew helmets, and rinimizes chances of 
electric shock to the crew. 

Fuel system.- The closed, pressurized fuel system of the F-1063 reduces 
the probability of fuel vapor ignition because the vents are normally closed; 
additionally, the vents are located beneath the wing in a region not likely 
to be exposed to lightning. 

Lightning protection.- With the exception of two accidents caused by 
lightning surges entering thc radonic pitot heater systems, the U.S. Air Force 
F-106 fleet has been free of lightning strike effects. (The F-106 aircraft has 
one of the cleanest lightning damage records in the U.S. Air Force.) The pitot 
heater modification installed in the U.S. Air Force fleet has been installed 
on the NASA F-106B. Since this airplane is in a research configuration and is 
to be intentionally struck by lightning, scveral other lightning protection 
modifications have been installed. These modifications are discussed in the 
following section. 

Availability of U . S .  Air Force logistic support.- By choosing an F-106B 
aircratt, NASA-Langley was able to utilize the logistic support system and .~ 

maintcrtancc expertise of the Forty-eighth Fighter Interceptor Squadron based 
at the adjacent Langley Air Force B a s e .  

3 



Internal volume.- In the severe environment of a thunderstorm, external 
stores or data packages can be a liability because of gust loads, water 
erosion and lightning damage. Unlike most fighter aircraft, the F-106B has a 
large internal weapons bay suitable for conversion into an instrumentation bay. 
In addition, the NASA F-106B has an empty left forward electronics compartment 
since the MA-1 weapons system has been deleted. 

Aircraft Lightning Protection Modifications 

Since one of the primary missions of the Storm Hazards program is to 
collect direct lightning strike data, and the NASA F-106B is not a standard 
U.S.  Air Force configuration, additional lightning protection was installed. 
The. lightning protection modifications were based on the recommendations of 
Lightning Technologies, Inc., which was retained under contract for this 
purpose. 
providing lightning protection modifications to the U.S. Air Force inventory 
of F-106 aircraft. 
suppressors line-to-ground on each of the aircraft's 115 VAC power distribution 
busses which supplied power to any of the pitot or air data probe heaters, 
and installing the U.S .  Air Force F-106 modification to protect the radcme- 
mounted pitot-heater circuit. The production fiber glass vertical fin cap 
was flame sprayed with 4 to 5 mils of aluminum to provide a path of conductivity 
in that area, since the vertical tail is one of four prime points for initial 
lightning attachment on a delta-wing aircr-aft. 
extended beneath the recessed screws at the base of the fin cap to provide 
electrical contact with the adjoining metallic structure. The f lame-sprayed 
vertical fin cap is clearly visible in figure 1. 

This company was retained because of Cts recent experience in 

The recommendations included attaching transient 

The flame spray coating 

For the research instrumentation, four symmetrically-placed lightning 
cvrrent carrying conductors were used to connect the lightning current sensor 
(I sensor - to be described later) to the fuselage. 
required to maintain magnetic field symmetry near the I sensor. 
wall puncture and resultant damage to the radome and to minimize magnetic 
force effects, the conductors were routed so that there was some separation 
between the conductors and the radome wall. The bundle of conductors was also 
secured so as to prevent the bundle from flopping from the magnetic force 
between the bundle and flash channel weeping aft along the outside of the 
radome. 

Fgur conductors were 
To minimize 

The under-wing mounting lugs that had been used to hold experimental 
engines on the F-106B in a pre 
passed from the outside into fuel tanks. 
removed from the tanks. 

' -  research program were removed. as they 
Electrical conduits were also 

Prior to the beginning of the Storm Hazards ' 79  program, discussions were 
held on whether the program should be flown using JP-5 (commercial designation: 
Jet A) instead c; JP-4 fuel (comercia1 designat; , :  Jet B). Some observers 
have concluded that turbulence would produce mistA,ig of Jet A and Jet B fuel. 
For Jet A fuel, misting results in a lowering of 'ts lean altitude-temperature 
flammability limit to encompass the flight envelope; however, two othcr factors 
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w i l l  act to raise t h e  Jet A lean l i m i t  during f l i g h t  i n  the F-106B. The 
f i r s t  of t h e s e  is that the  F-106B tanks  are pressur ized  above ambient, a 
f a c t o r  which requires that t h e  Jet A f u e l  temperature be even h igher  than the 
f l a s h  p o i n t  (looo F) to  produce an  ignitable f u e l - a i r  mixture. The second 
f a c t o r  is th.? replacement of f u e l  with air  as f u e l  is burned o f f ,  thereby 
cont inua l ly  loaning o u t  t h e  Jet A vapor i n  the  tanks  and tending to  keep it 
nonflammable. 
over-r ich Je t  B (JP-4) vapor expected i n  warm f u e l  Lanks, a c t i n g  t o  b r ing  
t h i s  vapor wi th in  t h e  flammable range. 

Both of these  factors, conversely,  w i l l  l ean  ou t  t h e  otherwise 

It also has been shown ( r e f .  3) t h a t  about 10 times more energy is 
requi red  to  i g n i t e  a J e t - A  (JP-5) mist  than a mis t  of J e t - B  (JP-4) because 
J e t - A  d r o p l e t s  evaporate much more slowly. 
flame spread has been shown (ref. 4) to be higher  than t h a t  f o r  J e t - A  (JP-5) , 

years  has shown t h a t  J e t - B  is much more hazardous, under many condi t ions ,  
than J e t - A .  There have been about 10 confirmed l igh tn ing - re l a t ed  i n - f l i g h t  
f u e l  tank explosions s i n c e  1958 and a l l  of these  involved J e t - B  (or gasol ine  - 
a f u e l  of similar v o l a t i l i t y  - see reference  3 ) .  Therefore,  J e t - A  f u e l  w a s  
used i n  the  F-106B during t h e  Storm Hazards '79 program based on the  recom- 
mendations of both the  U.S. A i r  Force and Lightning Technologies, Inc. 

Once i g n i t e d ,  the rate  of Je t -B  

. again due to t h e  higher  v o l a t i l i t y  of  Jet-B. F ina l ly ,  experience over t h e  

Aircraft Data Systems 

Introduction.-  Four independent a i r c r a f t  d a t a  systems w e r e  i n s t a l l e d  f o r  
t h e  Storm Hazards '79 program: d i r e c t - s t r i k e  l i gh tn ing  instrumentat ion systen., 
atmospheric chemistry d a t a  system, Stormscope and C-band transponder.  For 
emergency purposes, t he  p i l o t  had a master power switch i n  t h e  forward cockpi t  
(see f i g s .  3 and 4) which could simultaneously c o n t r o l  power to  a l l  i n s t r u -  
m e n t a t i o n  systems except t h e  C-band transponder.  
however, t h e  switch was l e f t  i n  t h e  "normal" p o s i t i o n ,  allowing each system 
t o  he operated through its own c o n t r o l  system. 
sys t ems  are descr ibed i n  t h e  s e c t i o n s  which follow. 

In  r egu la r  opera t ions ,  

The fou r  a i r c r a f t  d a t a  

Direc t - s t r ike  l i gh tn ing  instrumentat ion system.- The d i r e c t - s t r i k e  
l i gh tn ing  instrumentat ion system cons is ted  of f i v e  electromagnet ic  sensors  
loca ted  on t h e  a i r c r a f t ,  p i l o t ' s  and ope ra to r ' s  c o n t r o l s  i n  the  cockpi t ,  a 
sh ie lded/ i so la ted  enclosure f o r  t he  recorders i n  the  a i rcraf t  weapms bay, and 
sh ie lded  cables and f i b e r  o p t i c  l i n k s  to  t ransmit  d a t a  s i g n a l s  and control 
s i g n a l s  to  the  sh ie lded/ i so la ted  enclosure.  An a i r c r a f t  schematic showing 
t h e  loca t ions  of the  l i gh tn ing  system components i s  given i n  f i g u r e  3,  and a 
b lock  diagram of the  sys tem is given i n  f i g u r e  5. 

An induct ive  cu r ren t  probe (I sensor )  was i n s t a l l e d  i n s i d e  the  a i r c r a f t  
radome, 
t h e  radome. 
of the i n t e r i o r  of  t he  radome, showing the  I sensor  i n  p l ace ,  is given i q  

f igu re  6. 
cu r ren t  t o  the  nose kCc)m, hence the  t e r m  "I." 

a t tached  fo the  f i t t i n g  p i ece  which secures  the  metal  nose boom t o  
The I sensor  locot ton  is i n d i q t e d  i n  f i g u r e  3,  and a photouraph 

The s e r s o r  measured the  t i m e  r a t e  of change of the  t o t a l  attachment 
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. 
There were also two flat-plate antennas, or D sensors, on the aircraft. 

One sensor was i n s t a l l e d  beneath the a i r c r a f t  nose ahead of the  nose wheel 
w e l l  (see figs. 3 and 7); the second sensor was  mounted on t h e  lef t  s i d e  of 
the  vertical t a i l  (see f ig s .  3 and 1). The ins ide  of one of the D sensors  
is shown i n  f igu re  8 .  The b sensors  responded to  t i m e  rate of change of 
electric f lux  densi ty;  therefore, the data must be in tegra ted  to  obta in  the 
electric f i e l d  in tens i ty .  

The f i n a l  t w o  sensors  of thv f i v e  sensor  d igec t -s t r ike  l igh tn ing  system 
were multigap loop antennas, or B sensors.  
sop of t he  fuselage forward of t he  vertical t a i l  (see f i g .  3).  One of the  
B sensors  is shown at tached t o  an aircraft mounting plate i n  figure.9, and 
with the  f ibe rg la s s  weather cover a t tached  i n  f igu re  10. 
cover can be seen on the  aircraft fuselage above the  wing i n  f i g u r c  1. 
sepsor w a s  o r ien ted  to sensor  magnetic f i e l d s  corresponding t o  wingtip-to- 
wingtip s t r i k e s  ( t ransverse) ,  with the  o the r  a l igned to sense magnetic f i e l d s  
corresponding to nose-to-tail  s t r i k e s  ( longi tudina l ) .  The t w o  sensors  were 
designed t o  respond to  the t i m e  rate of change of the magnetic f l u x  densi ty ,  
and the  data must  be in tegra ted  t o  obta in  the  magnetic f i e l d  in t ens i ty .  

The B sensors  were i n s t a l l e d  on t h e  

The l e f t  B sensor 
One 

S e n s i t i v i t y  of the  l igh tn ing  instrumentation system w a s  es tab l i shed  for 
the  d i r ec t - s t r ike  measurement, and w a s  based on f i e l d  changes and cu r ren t  
changes i n  0.1 psec. These q u a n t i t i e s  are shown i n  table I1 f o r  t he  f i v e  
l igh tn ing  measurements. One electric f l u x  dens i ty  measurement (tail-mounted 
D sensor) was made more s e n s i t i v e  than required f o r  the  d i r e c t - s t r i k e  
environment i n  order  to examine "pre-strike' '  electric f i e l d  rad ia t ion .  It 
was an t i c ipa t ed  t h a t  t h i s  channel would s a t u r a t e  d u r i n g  a nearby or direct 
l igh tn ing  s t r i k e ,  recovering a f t e r  the  f i e ld  diminished. 

The d i r ec t - s t r ike  l igh tn ing  recording system was located i n  an i so l a t ed ,  
shielded enclosure suspended i n  the  aircraft weapons bay (see f i g .  3 f o r  
loca t ion) .  The d i r ec t - s t r ike  l igh tn ing  recording system, shown i n  a 
laboratory without the  cover i n  f igu re  11, contained t w o  expanded memory 
Biomation recorders,  one 14-track magnetic tape recorder, a two-track 6-MHz 
magnetic tape recorder,  and a time-code generator.  The wide-band analog 
recorder (6 MHz) w a s  used t o  record the  l igh tn ing  scenario and was supplemented 
with the two high sample-rate d i g i t a l  t r a n s i e n t  recorders  (Biomations). The 
Biomations u t i l i z e d  an in-house developed, expanded 131,000-word memory 
capaci ty  for increased time durat ion of s p e c i f i c  times of i n t e r e s t .  Each of 
the Biomation recorders automatically recorded the l igh tn ing  induced electro- 
magnetic s igna l  from a prese lec ted  sensor/transmission path combination which 
exceeded a pre-set  t r i g g e r  leve l .  Each Biomation recorder could record 
100,'!05 samples i n  0.001 sec, playing them out  over 5 S ~ C  onto the  14-track 
tape recorder.  During the  playback cycle ,  the  Biomation recorders  do not 
respond to  any f u r t h e r  electromagnetic s igna l s ,  bu t  automatical ly  reset t o  
the record mode a t  the completion of t he  playback cycle.  The e n d e s s  loop 
da ta  s torage technique employed by the Biomation recorders  circumvented 
problems associateG with osc i l loscopic  techniques. 

Power to  the  system was provided by an electric motor mounted outs ide the  
enclosure,  which t ransmit ted power to  a generator  i n  the  shielded enclosure 
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through an insu la ted ,  f l e x i b l e  sha f t .  Further system i n t e g r i t y  and immunity 
from induced electromagnet ic  e f f e c t s  was accomplished by f ibe r -op t i c s  s i g n a l  
transmission l i n k s  and sh ie lded  system enclosures .  

A f e a t u r e  of t h e  development system w a s  t h e  c a p a b i l i t y  of a l l  f i v e  sensors  
t o  t ransmit  t h e i r  ou tput  to t h e  sh ie lded  enclosure by coaxial t ransmission 
l i n e s  or by f iber -opt ic  links. The choice of sensors  and t ransmission l i n k s  
f o r  recording had to be made before each f l i g h t  so t h a t  appropr ia te  adjustments 
could be made i n s i d e  t h e  enclosure while it was removed from the a i r c r a f t .  
There w a s  a separate, battery-powered f ibe r -op t i c  t r ansmi t t e r  f o r  each of the  
f i v e  sensors  which were switched on prior t o  f l i g h t .  

The sensor/transmission l i n k  conf igura t ion  f o r  t h e  f i r s t  instrumentat ion 
T h i s  conf igura t ion  da ta  f l i g h t  on August 28, 1979, is shown i n  f i g u r e  12(a). 

pass  f i l t e r s  shown i n  series with the  Biomation recorders  were i n s t a l l e d  t o  
provide pre-sample f i l t e r i n g  of t h e  data .  
output  l i n e s ,  t h e  recorded vol tage  was the d i f f e r e n t i a l  between t h e  two l i n e s ,  
whereas the  recorded vol tage f o r  t h e  s i n g l e  output  sensors  was t h e  d i f f e rence  
between the  l i n e  vol tage and ground. 
shown i n  f i g u r e  12(b), f o r  t he  f l i g h t  of Septembes 22, 1979. 
configurat ion,  no f i b e r  o p t i c s  w e r e  used and t h e  I sensor  used a s ing le  output  
l i n e .  

. was maintained through the  f l i g h t  of September 19, 1979. The 50 MHz low 

For those sensors  with the  dua l  

The conf igura t ion  w a s  changed, as 
I n  the second 

The f i n a l  component of t h e  d i r e c t - s t r i k e  l i gh tn ing  system was t h e  cockpi t  
con t ro l  panel. 
ment console i n  t h e  a f t  cockpi t  f o r  use by the f l i g h t  observer  ( see  f i g .  3) .  
The cont ro l  panel,  shown i n  f i g u r e  13, had t h r e e  con t ro l  switches to :  
(a )  con t ro l  master power to t h e  l i gh tn ing  system; (b) con t ro l  power i n  the  
enclosure;  and (c) to  t u r n  the  6 MHz and the  14-track magnetic tape recorders  
orl. Each of t h e  t w o  Biomation recorders  i n  the  system had a s t a t u s  l i g h t  
on the  con t ro l  panel  wired through tile "instrumentation power" switch.  
Presence of a l i g h t  ind ica ted  t h a t  the  Biomation w a s  i n  the  record mode and 
ab le  t o  take  da ta .  F ina l ly ,  t he re  was a d i g i t a l  elapsed-time d isp lay  keyed 
t o  the  "recorder" switch. This d i sp lay  provided an i n - f l i g h t  readout of 
record time on the t ape  recorders .  A d e t a i l e d  desc r ip t ion  of t h e  d i r e c t -  
s t r i k e  l igh tq ing  measurement system may be found in  reference 5. 

The system con t ro l  panel  was loca ted  on the l e f t  side i n s t r u -  

Atmospheric chemistry da t a  system.- The onboard eqv.'.pment f o r  t h e  atmo- 
spher ic  chemistry experiment (ACE) cons is ted  of a system f o r  c o l l e c t i n g  a i r  
samples near thunderstorms. The ACE sampler system cons is ted  of 24 s t a i n l e s s  
s t e e l  c o l l e c t i n g  bottles, an a i r  pump, assoc ia ted  plumbing, and a n  o p e r a t o r ' s  
d i sp lay  and control panel i n  t h e  a f t  cockpi t .  The loca t ions  of the ACE 
system components are shown i n  f igu re  3. The bottles, pump, and plumbing a r e  
shown i n  f i g u r e  14, and i n  f i g u r e  15 a r e  shown mounted i n  the  r i g h t  forward 
sec t ion  of t he  a i r c r a f t  weapons bay. The a i r  samples were taken through a 
heated piLot head mounted on the  forward end of t he  r igh t - s ide  weapons-bay 
door, a s  shown i n  f igu re  16. The a i r  samples were taken t o  the  pump and 
b o t t l e s  from t h e  sampler head by t h e  f l e x i b l e  tygon tube shown i n  f i g u r e  14. 
The pump was used to  p res su r i ze  the  b o t t l e s  with a i r  samples regard less  of 
a i r c r a f t  a l t i t u d e .  
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The ACE sampler d i sp l ay  and control panel, f i g u r e  17, was loca ted  on t h e  
r i g h t  s i d e  instrument panel  i n  t h e  a f t  cockpi t .  The power switch con t ro l l ed  
a i r c r a f t  power t o  the  sampler pump. 
samples wcre taken by using t h e  des i r ed  " b o t t l e  select" switch (only one 
bottle could be f i l l e d  a t  a time), and then by using the  "bottle f l -  
switch. The " b o t t l e  expended" l i g h t  illuminated when t h e  matchj r .  b d t  
select" switch w a s  used a t  t h e  beginning of t h e  sample and s taye  
being used. The " f i l l  i nd ica to r "  l i g h t  w a s  i l lumina ted  only as long as t he  
bottle was a c t u a l l y  being f i l l e d .  The ope ra to r  turned o f f  t he  "botLZe fill" 
switch when t h e  " f i l l  ind ica tor '  l i g h t  extinguished. 
it could not  be r e f i l l e d  during t h a t  f l i g h t .  

A f t e r  t h e  pump w a s  turned on, a i r  

lit a f t t  

Once a bottle /as f i l l e d ,  

Following a f l i g h t ,  t h e  bottles were taken to  a gas ana lys i s  labort i tory 
a t  NASA-Lang-ey f o r  a n a l y s i s  using gas  chromatographs, mass spectrometer:: 
and i n f r a r e d  spectrophotometers. 
was poss ib l e  o r  desired.  

N o  onboard or real-time gas a n a l y s i s  

Stormscope.- A commercially available l i gh tn ing  de tec t ion  and mapping 
system was i n s t a l l e d  i n  the  test a i r c r a f t  to  provide a real-time ind ica t ion  of 
l i gh tn ing  loca t ion  t o  t h e  f l i g h t  crew. 
were mounted i n  the  fo qard cockpi t ,  and a r epea te r  d i sp l ay  u n i t  was i n s t a l l e d  
i n  the  a f t  cockpi t  (see f i g .  3) .  The d i sp lay  i n s t a l l a t i o n  i n  the  forward 
instrument panel  is  shown i n  f igu re  18. 
s t r eng th  of each discharge t o  several models of l i gh tn ing  strokes to compute 
a pseudo range. 
r e l a t i v e  t o  a i rp l ane  heading a t  t h e  time of the  discharge (relative azimuth),  
was measured d i r e c t l y .  
measured discharge w a s  shown on the  master and r epea te r  d i sp l ay  u n i t  as a 
dot  represent ing  t h e  r e l a t i v e  loca t ion  of the  discharge from the  a i rcraf t .  
The Stormscope memory could hold up t o  128  separa te  discharges,  a f t e r  which 
the o l d e s t  p o i n t s  were replaced sequen t i a l ly  by the  new po!.nts. The memory 
and d i sp lays  could be c l ea red  a', any t i m e  by using the  "c l ea r "  s w i t c h  on 
the con t ro l  u r i t .  Generally,  t h e  d i sp lay  should be "cleared" whenever the re  
is an a i rp l ane  heading change. 
could be ad jus ted  to 40 n.mi., 100 n.mi., o r  200 n.mi The Stormscope d a t a  
were not  recorded during t h e  Storm Hazards '79 program, but  w i l l  be recorded 
during fu tu re  tests. 

The con t ro l  u n i t  and a master d i sp lay  

The Stormscope system compared the  

The antenna w a s  d i r e c t i o n a l  so t h a t  l i gh tn ing  loca t ion  

The pseudo range and r e l a t i v e  azimuth of  each 

The maximum range of the  Stoimscope system 

C-band transponder.- A C-band radar  transponder w a s  i n s t a l l e d  i n  the  
tes t  a i rc raf t  f o r  NASA-Wallops radar  t r ack ing  purposes. The transponder 
(see f i g .  3 f o r  l oca t ion )  was pass ive ,  t r ansmi t t i ng  only when in t e r roga ted  
by the  NASA-Wallops C-band radar .  
p r i o r  t o  each f l i g h t  and could not be con t ro l l ed  by t he  f l i g h t  crew i n  f l i g h t .  
The C-band radar  and transponder wre rcquircd because the  NASA-Wallops 
SPRNDAR radar  cculd not accura te ly  s k i n  t r ack  a t a r g e t  as small as the  tes t  
a i r c r a f t  W h i l e  simultaneously contouring weather. No onboard measurements 
were rnade from the  transponder.  

The u n i t  was ac t iva t ed  on the ground 
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Test  F a c i l i t i e s  

Wallops F l i g h t  Center.- Radar r e f l e c t i v i t y  of precipitation wi th in  
100 n.mi. of NASA-Wallops F l i g h t  Center was measursd by the NASA-Wal lops  
SPANDAR radar ,  which is descr ibed i n  Table 111. 
t h e  r e f l e c t i v i t y  d a t a  w a s  displayed i n  real-time on a color t e l e v i s i o n  monitor 
i n  the  SPANDAR con t ro l  room. 
provide guidance to  t h e  f l i g h t  crew on thunderce l l  developments. 
t e l e v i s i o n  d i sp lay  was also recorded on video tape f o r  p o s t - f l i g h t  viewing, 
bu t  no q u a n t i t a t i v e  d a t a  were taken from t h e  video tapes. 

For the Storm Hazards program, 

The SPANDAR crew used ti.? real-time d i s p l a y  to 
The 

An aircraft-mounted C-tand transponder was tracked by a NASA-Wallops 
C-band t racking  radar .  
tape f o r  p o s t - f l i g h t  computer d a t a  reduct ion.  The reduced d a t a  included 

and North/South and Eastfiest d i s t ances  of t h e  a i r c r a f t  from t h e  SPANDAR radar  
site. 
p l o t t e d  record of the  aircraft ground t rack .  
r ada r  may be found i n  table 111. 

The C-band r ada r  d a t a  was recor3ed on d i g i t a l  magnetic 

. l i s t i n g s  of  such parameters as t i m e ,  a l t i t u d e ,  ve loc i ty ,  l a t i t u d e ,  longi tude ,  

The computed d i s t ances  were also cross p l o t t e d  t o  g ive  a continuous 
Details on t h e  C-band t r ack ing  

Voice communications were used t o  r e l a y  real-time information concerning 
storm cell  loca t ion  and r e f l e c t i v i t y  and to  c o r r e l a t e  data occurrences.  
The voice communications were recorded on the  SPANDAR video t a p e s  and on an  
audio tape recorder  f o r  p o s t - f l i g h t  t r a n s c r i p t i o n .  

During the  f l i g h t  of September 3, 1979, the  changing electrostatic 
f i e l d  of  the storm was recorded by a po r t ab le  system loca ted  ad jacent  t o  the  
SPANDAR con t ro l  site. The equipment cons is ted  of a f a s t  and slow ariterqa t o  
measure the  magnitude of the  s t roke ,  type of  s t roke ,  t i m e  of cccilr' , and 
number of discharges.  The information was displayed i n  real t im  . r i p  
c h a r t s  and w a s  used to  supplement t he  SPANDAR real-time f l i g h t  g - i d s r x e  t o  
t he  test a i r c r a f t .  

Langley Research Center.- Launch c o n t r o l  f o r  each of t h e  Storm Hazards '?9 
f l i g h t s  w a s  loca ted  i n  the  NASA-Langley F l i g h t  Service Off ice ,  from which 
telephone and r ad io  communications with a l l  t he  u n i t s  involved i n  the f l i g h t  
could be maintained. As t he re  was no d i sp lay  of the  NASA-Wallops SPANDAR 
radar da ta  a t  Langley, t w o  o the r  r ada r s  were used t o  provide a weather overview 
f o r  the  oersonnel i n  NASA-Langley launch con t ro l .  F i r s t ,  r ada r  r e f l e c t i v i t y  
from a WSR-57 weather radar a t  Patuxent River, MD, was t ransmi t ted  by 
telephone l i n e  to a therinal p r i n t e r  i n  the  F l i g h t  Seivice Office .  
new scan image, a separa te  telephone ca l l  t o  the  radar  f a c i l i t y  was required.  

For each 

A sample Patuxent River WSR-57 telephone facs imi le  p l o t  is shown i n  
f igu re  19. The range r i n g s  are Located a t  25 n.mi. i n t e r v a l s  from Patuxent 
River with a maximum range of 125 n.mi. The shaded areas i n  the  f acs imi l e  
dep ic t  those a reas  i n  which p r s c i p i t a t i o n  is occurr ing.  Much of t he  shaded 
area  within 25 n.mi. of Patuxent River is radar  ground c lu t te r ,  not  weather,  
however. The p r e c i p i t a t i o n ,  or r e f l e c t i v i t y ,  shadings are def ined  i n  table IV.  
In f i g u r e  19, t he  f i r s t  two l e v e l s  of r e f l e c t i v i t y  are d iscernable ,  i n d i c a t i n g  
a maximum r e f l e c t i v i t y  of  41 dBZ. The hand annotated comments were placed 
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on the radar image by t h e  Patuxent River technic ians .  
image r e so lu t ion ,  t h e  facsimiles were u s e f u l  on ly  to  g ive  a weather overview. 

Because of t h e  poor 

On several f l i g h t s ,  t h e  Langley A i r  Force Base FPS-77 weather radar w a s  
also used to provide weather information prior t o  launch. The F P S - 7 7  
radar i s  located a t  t h e  Langley A i r  Force Base Tower (on t h e  opposite 
side of t h e  f i e l d  from Launch Cont ro l ) ,  and does n a t  have x y  remote te rmina ls  
elsewhere on t h e  base. Therefore, whenever a radar scan was des i r ed ,  t h e  
project personnel  had t o  v i s i t  t h e  tower. 
scan continuously; each 360° azimuth scan  or ver t ical  scan w a s  madc s e p a r a t e l y  
by a U.S. A i r  Force technician.  The E'PS-77 was va luable ,  however, An t h a t  t h e  
radar  scan w a s  i n  real t i m e ,  whi le  
teleghone could be seve ra l  minutes old.  The FPS-77 was also va luable  
because it covered d geographical  area sou th  of the  SPANDAR coverage b e l o w  
t he  SPANDAR l i n e  of s igh t .  
FPS-77 information. 

I n  add i t ion ,  t h e  radar cannot 

le WSR-57 radar scan t r ansmi t t ed  by 

N o  records o r  hard copies were available of t h e  

Tes t  Procedures 

Basic ground rules . -  F l i g h t  ac t iv i t ies  f o r  t h e  Storm Hazards '79 program 
cons is ted  of f l y i n g  t h e  NASA-owned F-1OGB a i rc raf t  i n  t h e  v i c i n i c y  of 
isolated thunderce l l s ,  u sua l ly  wi th in  100 n.mi. of 'Wallops F l i g h t  Center. 
Beyond 100 n.mi., t h e  NASA-Wallops d a t a  suppor t ,  p a r t i c u l a r l y  from t h e  aPANDAR 
radar ,  became tenuous. Only one storm f l i g h t ,  on September 28, 1979, w a s  
made ou t s ide  t h e  NASA-Wallops s-ipport a r m .  Because of inadequate " a l l  
weather" av ion ic s  dur ing  t h i z  tlist period, no thunder ce l l  pene t r a t ions  were 
attemitcd and a l l  opera t ions  were l imited to  day l igh t ,  VFR condi t ions .  This  
r e s t r i c t i o n  (tihich w i l l  be a l l e v i a t e d  f o r  f u t u r e  programs) also meant t h a t  no 
depar tures  or a r r i v a l s  f.r?m Langley wcrc pSanncd i n  IFR condi t ions.  I n  t h e  
event  t h a t  IFR weather developed a t  Langley dur ing  a f l i g h t ,  and i n  case of 
emergency, a number of  d ivers ionary  a i r f i e l d s  were chosen. Each airbase had 
an 2438 t o  3048 !TI (: 'IO0 t o  1C030 f t )  runway w i t h  adcquate a r r e s t i n g  cable 
systems for t h e  F-: ,>B t a i l  hook. The d ivers ionary  f i e l d s  are shown on t h e  
man i n  f i g u r e  20. 

On several f l i g h t s  a NASA-Langley T-38 a i r c r a f t  was used f o r  photographic 
and s a f e t y  chase. Provis ions  were made f o r  having thc T-38 rendezvous wi th  
the  F-106B a f t e r  a direct  l i gh tn ing  s t r i k e  t.o do a v i s u a l  check of t h e  F-106B. 
An a l t e r n a t i v e  pos t - l igh tn ing  s t r i k e  p-ocedure was also planned t o  e l imina te  
the  p o t e n t i a l  complexi t ies  i n  t r y i n g  t o  rendczvous t w o  a i r c r a f t  i n  thundtr-  
storm areas. I n  t h i s  a l t e r n a t i v e  proccdurc,  following a d i r ec t  s t r i k e ,  t h e  
F-106B a i r c r a f t  would r e t u r n  t o  Langley f o r  phys ica l  inspec t ion  and l igh tn ing-  
system checkout. I t  was hoped t h a t  a f t e r  experiei.ce had been gained durinq the 
program, a less conserva t ive  opera t iona l  approach could be adopted i n  which, 
following a d i rec t  l i gh tn ing  s t r i k e  t o  the  a i r c ra f t ,  t k e  p i l o t  would f.*-y t o  
an area o u t  of t h e  v i c i n i t y  of t he  thundcrcc l l s .  The p i l o t  would the.> check 
a l l  a i r c r a f t  f l i g h t  instruments  f o r  anomalics,  arid the  f l i g h t  observe: i n  t h c  
a f t  cockpi t  would check t h e  d a t a  systems for  anomalies. 
apparent, t he  mission would continue; i f  f a u l t s  w e r e  no t iced ,  t h e  a i r c r a f t  
wc;uld r e tu rn  t o  Langley. 

I f  no damage was 

Since no l i gh tn ing  s t r i k e s  were taken by the  
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a i r c r a f t ,  the sa fe ty  chase or return-to-base procedures were in e f f e c t  
throughout the program and w i l l  be continued f o r  t h e  upcoming programs. 

A l l  f l i g h t  missions were made With a two-man crew. A research pi lot  
f l e w  the  missior, from t h e  forward cockpit. 
served as observer i n  the a f t  cockpit  and operated the l igh tn ing  and atmospheyic 
chemistry data c d l e c t i o n  systems. The observer helped d i r e c t  the f l i g h t s ,  
but  a l l  f i n a l  decis ions i n  the air  were made by t he  research pilot. 
observer could also provide a sa fe ty  back-cp i f  the research pilot  w a s  
momentarily a f fec ted  by f l a s h  blindness. 
blinded w a s  s l i g h t  as the  crewmen were r a r e l y  looking i n  the  same d i rec t ion .  

A pilot or test engineer 

The 

The chances of both crewmen being 

Mission techniques,- The i n i t i a l  planninm for a storm f l i g h t  w a s  based 
on the weather forecas ts  by the NASA-Langlry F l igh t  Service Off ice ,  and on 
occasion, by the Langley Air Force Base weather forecasters .  A key aid i n  
making the  launch decis ion was the telephone-transmitted radar facs imi le  
from the WSR-57 weather radar a t  Patuxent River, MD. For some f l i g h t s ,  t h e  
project personnel went to the Langley A i r  Force Base Tower to g e t  a real-time 
weather radar scan from the  US. Air Force's FPS-77 radar. 
NASA-Wallops personnel surveyed areas of i n t e r e s t  with t h e i r  SPANDAR radar, 
using the  real-time video system i n s t a l l e d  f o r  this program. 
thundercell  w a s  located, a launch time w a s  chosen f o r  t he  mission. Because 
of the  limited endurance of the NASA F-106B a i r c r a f t ,  the success of each 
mission w a s  highly dependent on t h e  q u a l i t y  of forecas t  inftmaation that 
w a s  ava i lab le  to determine the most s u i t a b l e  launch time. 

When possible, 

Once a candidate 

Launch cont ro l  w a s  also responsible f o r  monitoring the weather s i t u a t i o n  
a t  Langley to be sure t h a t  i f  conditions a t  Langley became IFR, t he  research 
f l i g h t  would be terminated in t i m e  f o r  an alternate f i e l d  t o  be used. 

During the  f l i g h t ,  NASA-Wallops tracked the  a i r c r a f t  using a C-band 
tracking radar. 
it w a s  Sossible  to advise the  f l i g h t  c r e w  on thundercel l  development and 
changes i n  cell  r e f l ec t iv i ty .  
therefore ,  the real-time comparison of a i r c r a f t  loca t ion  to thundercel l  
r e f l e c t i v i t y  w a s  made by the  operators ,  using the  adjacent C-band and SPANDAR 
displays.  

Using the  C-band t rack  and the  SPANDAR radar  video d isp lay ,  

The +vo disp lays  could not  be superimposed; 

Since the airplane w d s  no t  su i t ab le  f o r  IFR f l i g h t  during the  Storm 
Hazards '79 tests, s i x  VTR f l i g h t  pa ths  were recommended f o r  taking the  
a i r c r a f t  i n t o  a reas  where l ightning may be found outs ide of t he  storm. 
paths,  which are discussed i n  reference 2 ,  were: 
the anvi l ,  between clouds, above the cloud tops,  and around the turret. 
Reference 2 also presents  s t a t i s t i c a l  da t a  which suggests t h a t  the  highest  
pmbab i l i t y  f o r  taking l ightning strikes outside of thundercel ls  occurs a t  or 
around the  freezing level .  
Storm Hazards '79 f l i g h t s  was a s e r i e s  of VFR passes back and f o r t h  outs ide  
the  storm a t  the  freezing level .  

These 
beneath the  base, beneath 

Therefore, the  path usual ly  Li:-gd during the  

The Stormscope was used during the  f l i g h t  to  look f o r  a r eas  of l igh tn ing  
a c t i v i t y  i n  the thunderstorm cells. I f  the  Stormscope showed no a c t i v i t y ,  
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t h e  data systems were n o t  ac t iva ted .  
l igh tn ing  data system w a s  turned on while t h e  aircraft w a s  s t i l l  s e v e r a l  m i l e s  
from t h e  thunderce l l ,  and remained on as  long as t h e  aircraft was i n  t h e  
viciniiry of the thunderstorm cell. 
experiment were taken p e r i o d i c a l l y  during t h e  passes  by t h e  thunderstorm 
cells. 
a f t e r  each f l i g h t .  

When a data pass w a s  to be made, t h e  

A i r  samples f o r  the atmospheric chemistry 

Pos t - f l igh t  debr ie f ings  of the research  p i lo t  and observer occurred 

RESULTS AND DISCUSSION 

Summary Chronology o f  F l i g h t  Operations 

The 15 f l i g h t s  made during the Storm Hazards '79 program are summarized 
in. chronological order i n  t h i s  s ec t ion .  
storms i n  which there w a s  visible l i g h t n i n g  a c t i v i t y  (August 28 and 
September 3, 1979) are discussed i n  detail. The pilot ,  f l i g h t  observer, 
f l i g h t  dura t ion  and f u e l  usage for each of t he  15  f l i g h t s  is given i n  table  V. 

Following t h e  chronology, t h e  two 

August 23, 1979 

Functional check f l i g h t .  Atmospheric chemistry experiment sampler system 
and d i r e c t - s t r i k e  l igh tn ing  measurements system onboard for weight and 
balance purposes only. Hydraulic l i n e  t o  ram air  t u r b i n e  pul led  loose from 
f i t t i n g ,  causing f a i l u r e  i n  primary hydraul ic  system. A i r c r a f t  recovered 
sa fe ly .  T-38 chase a i r c r a f t  used. 

August 28 ,  1373 

Storm f l i g h t .  A i r c r a f t  flown near v i s i b l e  l igh tn ing  from storm over 
Yorktown, VA. P i l o t s  noted t h r e c  ncar l igh tn ing  s t r i k e s ,  t w o  occurr ing at 
t he  same t i m e .  N o  d i sccrnable  l ightni i ig  t r a n s i c n t s  were recorded, althouqh 
the a i r c r a f t  was bcinq operated a t  t h e  cloud cdge. I f  t h e  l i g h t n i n g  was 
contained within t h e  cel l ,  i t  was within s e v e r a l  km of che a i r c r a f t .  Thrcc 
a i rborne  a i r  samples taken, but unusablc clue t o  cross-contamination prob1c.m 
caused by f a u l t  i n  a i r  sampler plumbing d c s i q n .  

August 30, 1379 

Continuation of  func t iona l  check f l i g h t .  k'light terminated due t o  
f a i l u r e  i n  cabin p r e s s u r i z a t i o n  system. A t  8 .2  km (27000 f t )  a l t i t u d e ,  
cabin pressure  was a l s o  at 8.2 km (27000 f t ) .  

Scptcmbcr 3, 1973 

Storm f l i g h t .  F l i g h t  along southeas t  edge of l i n e  of storms near 
C r i s f i e l d ,  MD. P i l o t s  noted v i s t b l o  l i gh tn ing .  N o  discernablc? l i g h t n i n g  
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transients recorded. 
A i r  sampler not carr ied.  
during touch-and-go a t  end of mission. 
a r r e s t i n g  cable. Engine removed f o r  damage inspection. 
engine reinstalled. Five weekdays, seven days total, lost because of sea 
g u l l  in jes t ion .  

Aircraft may have been within several lop of l igh tn ing ,  
A i rc ra f t  i n j e s t e d  sea g u l l  down r i g h t  in take  

Ai rc ra f t  recovered using runway 
No damage found and 

September 11, 1979 

Completion of func t iona l  check f l i g h t  and weapons bay temperature survey. 
F i r s t  f l i g h t  with weapons bay temperature system ins t a l l ed .  
found to be lower than expected (see table V I  f o r  temperature survey data). 
The maximum temperature of l 1 5 O  F was less than the  critical temperature f o r  . the  data components i n  the weapons bay. A s  an operational temperature pre- 
caution, however, t he  data systems were not  turned on u n t i l  a f t e r  takeoff ,  
A i r  sampler system back onboard. Cabin pressurization system operational. 

Temperatures 

September 14,  1979 

Stonn f l i g h t .  F l igh t  was made i n  v i c i n i t y  of several storms s t r e t ch ing  
from Cape Charles, VA, to Pa tuxen t  River, MD. L i t t l e  or no visible l ightning.  
A l l  24 a i r  samples taken; normal readings of CO and N20 found, as expected. 

September 18, 1979 

P i l o t  f ami l i a r i za t ion  f l i g h t  and electromagnetic in te r fe rence  (€MI) test 
for l ightning experimenters. E lec t r i ca l  and da ta  systems cycled with 
l ightning system tape recorders  running. 
locked on to  a i r c r a f t  to  EM1 check. 
system - a i r  sampler system improperiy reset following r e i n s t a l l a t i o n  a f t e r  
September 14, 1979, f l i g h t .  F i r s t  f l i g h t  for Stormscope. 

C-band and SPANDAR radars  also 
Problem experienced i n  using a i r  sampler 

September 19, 1979 

P i l o L  f a n i l i a r i z a t i o n  f l i g h t  a n d  observer checkodt. 

September 2 2 ,  1979 

Storm f l i g h t .  F l igh t  over the At lan t ic  near Oceana, VA. No l igh tn ing  
seen by crew. 
rcsct - repeat  of problem on f l i g h t  of September 18, 1979. 

Unable t o  take a i r  simples because sampler system not properly 
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September 26, 1979 

Pilot familiarization, airspeed calibration and T-34C photographic 
chase. Comparison of nose boom Pitot-static system (primary flight instruments 
and central air data computer) to undernose Pitot-static system (secondary 
flight instruments). 
with similar airspeed indicators. 

Flight showed need to compare two Pitot-static systems 

September 27, 1979 

Pilot familiarization flight and airspeed calibration. Stomscope display 
in forward cockpit replaced with airspeed indicator attached to undernose 
Pitot-static system. 
with divergent readings at lower airspeeds. WVEC-TV, local ABC affiliate, 
covered take-off and interviewed pilot and Program Manager for evening news 
of September 29, 1979. 

Results showed that two systems are close at high speeds 

September 27, 1979 

Pilot familiarization and observer checkoct. 

September 28, 1979 

Pilot familiarization and movie documentation. NASA movf shot on ramp 
and in flight from T-38 chase aircraft. 

September 28, 1979 

Storm flight. Aircraft flown along line of thunderstorms extending from 
Franklin, VA, to Elizabeth City, ?C. Since no lightning was seen by the crew, 
no data taken. 

October 2, 1979 

Pilot familiarization. Last flight of Storm Hazards '79 program. 
Following flight, aircraft was grounded for preparation for Storm Hazards '80 
program. 

August 28, 1979 - Yorktown Storm 
On the afternoon of August 28, 1979, a number of thunderstorm cells were 

Based on the WSR-57 weather radar facsimiles developing over eastern Virginia. 
available in the NASA-Langley Flight Service Office, a decision was made to 
launch for several thunderstorm cells in the vicinity of Richmond, VA. During 
the preflight preparations, the facsimile shown in figure 21 was transmitted, 
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showing that a cell had developed much closer to Langley in the v i c i n i t y  of 
Yorktown, VA. 
very close to both Langley and ~ d ~ l o p s ,  and t h e  f l i g h t  crew could start  t h e  
test f l i g h t  pa ths  almost immediately a f t e r  takeoff .  
ce l l  is located i n  the  lower l e f t  hand corner of t h e  box superimposed on 
f igu re  21. This  box covers an area from 20 to 90 km south and 70 to 130 km 
west of  Wallops and is shown i n  d e t a i l  i n  f i g u r e  22. 
and table IV, it can be seen t h a t  t h e  Yorktown cell w a s  a level two storm, 
with a radar  r e f l e c t i v i t y  between 31 and 40 dsZ. 

The Yorktown storm w a s  i d e a l  in the respect that it was 

The Yorktobm thunderstorm 

Referring to figure 21 

Takeoff occurred a t  20:42:13 GMT, w i th  C-band radar a c q u i s i t i o n  of ule 
a i r c r a f t  transponder a t  20:46:13 GMT a t  an altitude of 5.4 km. The aircraft 
ground t r a c k  given by the C-band t r ack ing  data is shown i n  figure 22. 
ground t r a c k  has been annotated a t  5-minute intervals with t ime  and a l t i t ude  . from t h e  C-band radar data. 
the  20:21 GMT WSR-57 r ada r  facsimile ( f ig .  21) has been plotted to scale on 
f igu re  22. 
transmission and the C-band radar acqu i s i t i on ,  t h e  cell g r e w  and moved to the 
nor theas t  t o  t h e  loca t ion  ou t l ined  by t h e  loop i n  the aircraft ground t r a c k  
between p o i n t s  a and b. The continued no r theas t  movement can be seen i n  
t h e  d r i f t  of t h e  aircraft ground t r a c k  to  the  nor theas t .  

The 

The basic o u t l i n e  of the Yorktown storm cell from 

During t h e  25 minutes between t h e  t ime  of the WSR-57 facsimile 

The p i l o t  descr ibed t h e  storm as follows: "It. was f a i r l y  well defined 
v i sua l ly ,  e s p e c i a l l y  a long the  lead ing  edge. 
s t a n t l y  to t h e  no r theas t  and w a s  no t  imbedded i n  too much low l e v e l  stratus. 
The main storm cell was about 16 km (10 miles)  i n  diameter and the cloud 
extended from about 1.2 h (4000 ft) above ground level." 

It was young and moving con- 

The f i r s t  da ta  pass w a s  a complete circle of the storm. Again returning 
to the  p i l o t ' s  descr ip t ion :  "The leading  edge, or nor theas t  portion, 
contained t h e  da rkes t  clouds,  t h e  most v i s i b l e  l i gh tn ing  and t h e  most vertical 
de f in i t i on .  
main cumulus cloud, we observed the  first close l i gh tn ing  s t r i k e .  
v e r t i c a l  s t roke  about 0.5 km (500 yards) to  t h e  l e f t  o f  t h e  a i rp l ane  between 
us a x 1  the  main cloud. A s ta t ic  snap w a s  heard i n  t h e  headset,  bu t  no thunder 
was audible  above the  engine noise." According to t h e  voice t r a n s c r i p t ,  t h i s  
near  s t r i k e  occurred a t  20:54 GMT (see f i g .  22). This  l i gh tn ing  event  w a s  no t  
recorded by the  d i r e c t - s t r i k e  l i gh tn ing  sys tem as the  event  occurred during 
one of t h e  per iods  when t h e  system w a s  turned off. 

As we maneuvered the  a i r p l a n e  i n  as close as poss ib l e  to  t h e  
It w a s  a 

Following the  i n i t i a l  c i r c u i t  of  t h e  thunderce l l  per iphery,  it was 
decided to  conduct t h e  remainder of the  tests along t h e  no r theas t  face of t h e  
storm. The r a t i o n a l e  is given by the  p i l o t :  
t h e  'back s i d e '  or t r a i l i n g  edge of the  storm was found to  conta in  smaller 
towers and a general  t ra i l  of l o w e r  l e v e l  s t r a t u s  and cumulus. This  made t h e  
storm almost impossible to  work from t h e  'back s i d e '  or t o  cont inue to  circle 
and sti l l  s t a y  i n  v isua l  meteornlogical condi t ions  a t  an a l t i t u d e  t h a t  was 
nc.3: t h e  f r eez ing  leve l  g.6 ka :I5000 f t ) .  This fact  l e d  to the dec i s ion  
to work the  lead ing  edge oC thestorm i n  a series of t r a c k s  b a s i c a l l y  from the  
southeast  to  t h e  northwest anu back. I n  t h i s  manner, t h e  a i r c r a f t  could be 
maneuvered i n  t h e  clear a t  any a l t i t u d e  from ground level t o  t h e  top of t h e  

"AS we completed the  f i r s t  circle, 
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storm. 
g r e a t e s t  p r o b a b i l i t y  of g e t t i n g  a d i r e c t  l i gh tn ing  s t r i k e  without en te r ing  
the  storm." 

This  a l s o  seemed to  be the  po r t ion  of t h e  storm where we had t h e  

The observer i n  the  a f t  cockpit descr ibed t h e  f ive  passes as follows: 
"We made a nunber of passes along this s i d e  of t he  storm from about 3.6 km to 
5.5 km (12000 f t  up to 18000 f t )  as close to  the  clouds as we could f l y ,  o f t e n  
i n s e r t i n g  a wingt ip  i n t o  t h e  clouds.  
uhich w a s  considered s t r ange  w i t h  so much electrical a c t i v i t y .  
run made under the  base of the  clouds ( a i r c r a f t  p o s i t i o n  e i n  f i g u r e  2 2 )  w a s  
r e l a t i v e l y  smooth with no p rec ip i t a t ion .  
contour of t he  cloud changed, allowing u s  to  g e t  closer to the  center of t h e  
cel l  as we s tayed  i n  VFR conditions." 

The a i r  w a s  very smooth a t  a l l  t i m e s ,  
hren the  last  

A s  we var ied  t h e  altitude, the  

A t  2 0 : 5 8  GMT t h e  c r e w  observed a p a i r  of nea r  s t r i k e s  to the aircraft. 
Th; d i r e c t - s t r i k e  l i gh tn ing  instrumentat ion system d i d  no t  record any 
d iscernable  t r ans i en t s .  The loca t ion  of  t h e  aircraft a t  the time of t he  
event is  marked i n  f i g u r e  2 2 .  The p i l o t  descr ibed  the event  as follows: 
"The next  c lose  l i gh tn ing  w a s  observed as we t racked back and forth i n  f r o n t  
of the  advancing storm. 
appeared on the  r i g h t  s i d e  of t he  a i rp lane .  It seemed to originate from t h e  
main storm cloud and t r a v e l  under the  nose of t h e  a i r p l a n e  and reappear as a 
quick f l a s h  on the  l e f t  of t h e  airFlane.  The same sort of static snapping 
noise  was again heard i n  t h e  headset  simultaneously with t h e  observed 
l igh tn ing .  
s t ruck  but  t h a t  a l l  a i r c r a f t  systems remained normal." 
no phys ica l  evidence of a d i r e c t  l i gh tn ing  s t r i k e  could be found. 

The airplane w a s  headed southeas t  when t h e  s t r o k e  

The p i l o t  comment a t  t h i s  po in t  w a s  t h a t  w e  had poss ib ly  been 
Af ter  t h e  f l i g h t ,  

An a i r  sample b o t t l e  w a s  f i l l e d  immediately a f t e r  each near  s t r i k e  a t  
20:54 GMT and 20:58 GMT. 
1 . 2  Em (4000 f t )  w h i l e  f l y i n g  under the storm on the  las t  pass  (near po in t  e 
i n  f i qu re  22). Unfortunately,  the th ree  a i r  samples were found to  be 
unusable because of a system design flaw which permit ted the bottles to cross 
cont-aminate one another.  

A t h i r d  a i r  sample w a s  taken a t  an a l t i t u d e  of 

The da ta  mission w a s  terminated a t  21:11:59 GMT and the a i r c r a f t  landed 
a t  Langlcy a t  21:27 GMT. 
a f t e r  20:58 GMT. 

N o  other c lose  l i gh tn ing  s t r i k e s  were observed 

September 3, 1979 - C r i s f i e l d  Storm 

The C r i s f i e l d  storm of September 3, 1979, was not  a s i n g l e  l a r g e  ce l l  
t h a t  could be c i r c l e d ,  b u t  was a mul t ice l led  squa l l - l i ne  type with the  cel ls  
imbedded i n  a continuous cloud which covered many miles. The Patuxent River 
WSR-57 weather radar  facs imi le  t ransmi t ted  st 18:SO GMT is shown i n  f i g u r e  2 3 .  
No l i n e  of cel ls  is  located i n  the  northwest (upper l e f t )  corner of the  box 
supcrimposcd of the  f igure .  
C-band p l o t  coverage t h a t  is given i n  f i g u r e  24. The a i rcraf t  ground t r a c k  i n  
f iqu rc  24 was generated i n  the  same manner a s  i n  f i g u r e  22 ,  and the o u t l i n e  of 
the storm is sca led  from the  18:SO GMT WSR-57 f acs imi l e  shown i n  f i g u r e  23. 

The box i n  f i g u r e  23 shows the l i m i t s  of the  



No thunderstorm penet ra t ion  w a s  made during the p o r t i o n  of the ground path 
marked by p o i n t  1 i n  f i g u r e  24. 
7 minutes p r i o r  to t h e  t i m e  of t h e  WSR-57 contour  by which time the storm had 
moved t o  t h e  east, covering t h e  area t r a v e r s e d  earlier by the F-106B aircraft. 
As w a s  t h e  case i n  f i g u r e  21, t h e  storm i n  figures 23 and 24 is apparent ly  a 
l e v e l  2 storm, with a radar r e f l e c t i v i t y  between 31 and 40 dBZ. 

The aircraft passed through that area about 

The dec is ion  to  launch for t h e  Crisfield l i n e  w a s  m a d e  a t  18:04 GMT, w i t h  
takeoff  occurr ing a t  18:36 GMT. 
18:39:03 GMT a t  an a i rcraf t  a l t i t u d e  of 4.3 km. 

C-band radar a c q u i s i t i o n  occurred a t  

The d e s c r i p t i o n  of t h e  mission from t h e  observer i n  the a f t  cockpi t  
follows: " W e  f lew along t h e  southeas t  side of the s q u a l l  l i n e  u n t i l  we cCam 
to  a very dark area occass iona l ly  lit up wi th  l igh tn ing .  

. (SPANDAR) confirmed t h i s  area to  be the most i n t ense ,  w i t h  heavy precipitation, 
so we concentrated o u r  f l i g h t  a c t i v i t y  a long this area. 
along t h e  edge of the  storm were unusual; t h e r e  were s t ra tus  f i n g e r s  extending 
out  i n t o  t h e  clear a i r  forming a cave or tunnel .  W e  s a w  the dark clouds on t h e  
storm s i d e ,  c louds above and below u s  with t h e  sun sh in ing  on the o t h e r  side. 
(Therewere clouds above and b e l o w  the  aircraft with the storm on one side of 
t h e  a i r c r a f t  and clear sky on t h e  side away f r o m  the storm). The air was 
smooth i n  these  tunnels ,  and t h e  l i g h t n i n g  w a s  f u r t h e r  i n s i d e  the storm 
clouds,  less v i s i b l e  to t h e  a i r c r a f t  than  that observed i n  t h e  Yorktown storm. 
We did  not  see t h e  l igh tn ing  bolts, but  r a t h e r  the clouds l i t  up. When we 
descended b e l o w  the base o f  t h e  storm, we experienced moderate to heavy 
turbulence and s a w  a heavy r a i n  shower f u r t h e r  under t h e  storm wi th  l igh tn ing .  
The r a i n  probably ind ica ted  t h e  l o c a t i o n  of t h e  cell itself, which explained 
why the l i g h t n i n g  appeared to  be so f a r  from t h e  aircraft." 

Wallops radar 

The cloud formations 

The p i lo t  and observer e i t h e r  s a w  l i g h t n i n g  v i s u a l l y  or heard t h e  
l igh tn ing  static on t h e i r  headsets  on 11 occasions.  The a i r p l a n e  p o s i t i o n s  
a t  t h e  t i m e  of these  events  axe shown i n  f i g u r e  24. Their  comments were: 
cvcnt 1 - "hearing l i gh tn ing ,  but  d o n ' t  see it;" event  2 - "between l a y e r s  - 
hear a l o t  of l i gh tn ing ;  not  seen it;" event  3 - " s a w  f i r s t  l i g h t n i n g  t o  
west;" cvcnt 4 and 4a - " s a w  more l i g h t n i n g  a t  2 o'clock. Lightning i n  
p r e c i p i t a t i o n  on r i g h t ,  one-fourth m i l e ; "  event  5 - "have excessive l i g h t n i n g  
a t  9 o'clock; r i g h t  i n  edge of p r e c i p i t a t i o n ; "  event  6 - " l igh tn ing  a l l  
cncased i n  c loud .  Can't sce an]; d i s t i n c t  l igh tn ing;"  event  7 - " s a w  more 
l igh tn ing  a t  2 o'clock;'' event  8 - "got more l i g h t n i n g  t o  w e s t .  Clouds glow- 
ing;" event 9 - " l igh tn ing  to  the  r i g h t ; "  event  10 - " s a w  more l i g h t n i n g  - 
cloud to  water;" event 11 - "lots  of l ightning."  The direct-strike Aightning 
measurement system recorded no d iscernable  t r a n s i e n t s ;  t h e  a i r  sampler 
system was n o t  carried on t h i s  f l i g h t .  

A very d i s t i n c t  g u s t  f r o n t  was v i s i b l e  on t h e  water b e l o w  t h e  storm 
moving to  t h e  c a s t  with t h e  l i n e .  The q u s t  f r o n t  w a s  visible because of t h e  
wall  of r a i n  behind t h e  f r o n t  and thc  change i n  sur face  t e x t u r e  of the  water 
a t  t h e  f r o n t .  Ahead of  t h e  gus t  f r o n t ,  t h e  s u r f a c e  w a s  smooth, while behind 
the  gus t  f r o n t ,  t he re  were whitecaps on t h e  water. 
p a r a l l e l  to  thc gus t  f r o n t  on thc  calm s i d e .  
turbulence wcre found near t he  g u s t  f r o n t .  

The a i rcraf t  f l e w  roughly 
Scme per iods  of moderate 
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The data mission w a s  terminated a t  19:23:40 GMT, and t h e  aircraft 
landed a t  Langley a t  19:27:50 GMT. During a touch-and-go landing,  a sea gul l  
was i n j e s t e d  i n t o  t h e  engine through t h e  starboard in t ake ,  and the touch-and- 
go was aborted, followed by drag chute  and t a i l  hook deployment. The aircraft 
w a s  recovered sa fe ly .  

Lightning Instrumentation System I n i t i a l  F l i g h t  T e s t  Results 

The o b j e c t i v e  of t h e  l igh tn ing  measurewnt  por t ion  of t h e  Storm Hazards'79 
program was to  better and more completely d e f i n e  t h e  l i g h t n i n g  hazard to 
d i g i t a l  av ionics  through: 

1. t h e  development, proof, and demonstration of an advanced instrumenta- 
t i p n  system of super ior  c a p a b i l i t y ,  and 

2. the  c o l l e c t i o n  of research  data using the advanced instrumentat ion 
while experiencing i n - f l i g h t  l i g h t n i n g  s t r i k e s .  

Only t h e  development p o r t i o n  of the first objective waa m e t  this year  because 
t h e  a i r c r a f t  experienced no d i r e c t  l i g h t n i n g  s t r i k e s ,  and consequently no 
research data w e r e  collected. However, t h e  advanced instrumcntat ion system 
w a s  f u n c t i o n a l l y  checked i n  a f l i g h t  environment. 

The l igh tn ing  instrumentat ion system w a s  operated for five f l i g h t s  i n  the 
period from August 28 to  September 22, 1979. The f l i g h t  opera t ion  on 
September 18, 1979, w a s  devoted to i n t e r f e r e n c e  tests for t h e  l i g h t n i n g  
instrumentation system, and w a s  conducted i n  t h e  following manner. J u s t  
p r i o r  to  aircraft  t akeof f ,  t h e  l i g h t n i n g  instrumentat ion system w a s  activated 
and t h e  following a i r c r a f t  and o t h e r  experimental  systems w e r e  cycled on and 
off : VHF communications, UHF communications, Stormscope, Atmospheric 
Ci i e rn i s t ry  Experiment data system, p i to t -p tobe  h e a t e r ,  canopy h e a t e r ,  landing 
arid t a x i  l i g h t s ,  and navigat ion l i g h t s .  A C-band t racking  beacon w a s  on 
during t h e  e n t i r e  tes t .  Minutes later,  a t  4.7  km (15500 f t )  a l t i t u d e ,  t h e s e  
same systems were cycled on and off again. 
trackcd by t h e  NASA-Wal lops  SPANDAR radar which w a s  turned o f f  near  t h e  end 
of t h e  f l i g h t .  

Addit ional ly  the a i r c r a f t  was 

Examination of t h e  recorded information revealed no i n t e r f e r e n c e  t o  t h e  
l igh tn inq  instrumentation system from o t h e r  electrical  systems on t h e  a i r c r a f t ,  
or from t h c  NASA-Wallops radar .  

F l i g h t s  on August 2 8  and September 3, 1979, were made i n  t h e  v i c i n i t y  of 
e l e c t r i c a l l y  a c t i v e  storms, and s e v e r a l  t r a n s i e n t s  were recorded on the  6 MHz 
widcband recorder ,  b u t  none were recorded v i a  t h e  expanded memory d i g i t a l  
t r a n s i e n t  recorder.  

Subsequent system checks revealed an i n t e r m i t t e n t  electrical  s h o r t  i n  t h e  
cable  conducting t h e  s i g n a l s  to  t h e  6 MHz recorder which produced t r a n s i e n t s  
s i m i l a r  to those recorded during t h e  f l i g h t s  of August 28 and September 3, 1979. 
I t  was concluded t h a t  t he  i n t e r m i t t e n t  s h o r t  i n  t h e  signal cable  was t h e  source 
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of the transient signals which were recorded on August 28 and September 3, 1979. 
The remaining two instrumented flights did not encounter electrically active 
storms and no transients were recorded by the system. 

Examination of pre-flight and post-flight infarmation accumulated showed 
that the system components functioned satisfactorily in the aircraft 
e:mironment throughout the flight profile necessary for lightning research. 
Complete verification of the lightning instrumentation system remains to be 
accomplished. 

Although the aircraft flew within 0 .5  km (500 yards) of lightning 
(August 28 ,  1979), no transients were recorded. It should be pointed out 
that the lightning instrumentation system was designed t o  measure and record 
direct lightning strikes. 
collecting direct-strike lightnjng data, the aircraft is being prepared to be 
flown in an environment more conducive to taking direct lightning strikes, 
that is, within the thunderstorms. The aircraft preparations will consist 
largely of installing avionics for full IFR operations. 

Therefore, to ensure a better probability of 

Operational Factors and Recommendations 

The operations of the Storm Hazards ' 7 9  program showed that there was a 
need for real-time weather radar displi 3 in the NASA-Langley Flight Service 
Office to support the launch time decision and for coordination during the 
test flight. It was difficult to determine the real-time locations and 
intensities of thundercells using the facsimile copies of the Patuxent 
River WSR-57 output and the real-time output of the U.S. Air Force F'PS-77 
radar. The Patuxent River information was not available continuously, and 
was not available when the telephone lines to Patuxent River were busy. 
Also, the image resolution was too poor to permit detailed data analysis. 
It was not possible to use the FPS-77 during the course of the flight because 
the radar site was several miles from launch control. Although telephone 
communications were maintained with the NASA-Wallops SPANDAR radar personnel , 
the lack of a visual display at NASA-Langley and the maximum range of 
100 n.mi. from NASA-Wallops limited the SPANDAR's utility. 
operations conducted during the Storm Hazards '79 program, it was concluded 
that a real-time weather radar display installed in the NASA-Langley Flight 
Service Office would provide a basis for significantly improved research 
results. With an on-site weather radar display, the personnel in launch 
control can improve the launch-time decision process, as well as maintain a 
better overview of the mission as it progresses, CUIU advise the flight crew of 
weather developments in the vicinity of Langley. 

Based on the 

Although real-time weather information is invaluable, radar displays do 

The flight crew would search for lightning after they 
not show lightning activity. Typically, the aircraft was launched withcut 
reports on lightning. 
had flown t o  the vicinity of a candidate storm, searching visually and with 
the Stormscope. 
static crackle of lightning. 
September 22 and September 28, 1979, although the prelaunch radar information 

The crew also listened on their headsets for the characteristic 
On the storm flights of September 14, 
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looked promising, the storms contained l i t t l e  or no l i gh tn ing  a c t i v i t y .  
Therefore, it w a s  a d d i t i o n a l l y  concluded t h a t  a Stormscope system i n s t a l l e d  
i n  the  F l igh t  Service Off ice  to supplement t h e  proposed weather radar d i s p l a y  
would provide add i t iona l  information to improve research  r e s u l t s .  
b ining the  weather r ada r  and Stormscope d isp lays ,  the project personnel 
;.auld be ab le  to  choose, before  launch, those storms w i t h  the highest levels 
of l igh tn ing  z - t iv i ty .  
crew appraised of changes i n  l i gh tn ing  a c t i v i t y  during the mission. 
a l s o  f e l t  t h a t  t h e  Lightning Detection and Ranging (WAR) system recen t ly  
acquired by NASA-Wallops could be very usefu l  f o r  l oca t ing  areas of l i g h t n i n g  
a c t i v i t y  f o r  real-time opera t iona l  vector ing.  

By com- 

The personnel also should be able to keep the f l i g h t  
It is 

Because of  t h e  speed with which thunderstorms can b u i l d  and dissipate, 
it is imperative t h a t  t h e  r eac t ion  t i m e  f o r  launching the aircraft be as 
s h o r t  as poss ib le .  A l s o ,  f o r  opera t ions  away from NASA-Langley, p re - f l i gh t  
and pos t - f l i gh t  t a s k s  should be such t h a t  they can be accomplished w i t h  
minimum ground support  and e f f o r t .  For these reasons,  c e r t a i n  minor changes 
a r e  planned i n  t h e  mechanical conf igura t ion  of t h e  l i gh tn ing  instrumentat ion 
system enclosure,  t h e  l i gh tn ing  sensor  e l e c t r o n i c s  enclosures, and a l l  o t h e r  
da t a  systems which w i l l  g r e a t l y  s impl i fy  the  crew e f f o r t s  i n  making the 
necessary pre- and p o s t - f l i g h t  checks and adjustments. 

T h i s  year ' s  experience w i t h  the l i gh tn ing  instrumentat ion system has . 

pointed ou t  t he  need f o r  an "end-to-end" system test - from sensors  to tape 
recorder. 
and instrumentation system with an electrical t r a n s i e n t  generator  and recording 
t h e  sensor  responses f o r  ana lys i s .  

The test w i l l  be based on e x c i t a t i o n  o f  a f l igh t - ready  a i r c r a f t  

For t h e  a c t u a l  pene t ra t ion  f l i g h t s  planned for the fu ture ,  t h e  pilots 
f e l t  t h a t  high c a l i b e r  personnel expertise, i n  addi t ion  t o  t h a t  used i n  t h e  
storm Hazards '79 program, w i l l  be required.  One p i l o t  s a id"  W e  need r ada r  
capab i l i t y  t o  keep us  ou t  of h a i l  and t h e  people t o  use it, and we need an 
a i r  t x a f f i c  c o n t r o l l e r  to  i n t e g r a t e  us  i n t o  t h e  p o s i t i v e  con t ro l l ed  t r a f f i c  
i n  IFR condi t ions."  Although a i rborne  weather radar  w i l l  be i n s t a l l e d  i n  t h e  
F-106B a i r c r a f t ,  t he  a i rborne  crew w i l l  be almost t o t a l l y  dependent on the  
ground-based equipment and crew to keep t h e  a i r c r a f t  clear of t h e  h a i l  hazard 
and to  provide escape vec tors  and headings i n  t h e  event of an inadver tan t  
liai 1 encounter. 

CONCLUDING REMARKS 

A storm hazards research program is being undertaken by NASA-Langley 
t o  extend the knowledge and understanding of  atmospheric processes  as they 
a f f e c t  a i r c r a f t  design and operat ions.  In  the  cu r ren t  phase, t h e  Storm 
Hazards '79 program, prel iminary f l i g h t  tests with an NASA-owned F-106B 
a i r c r a f t  were made on the  per iphery of i s o l a t e d  thunderce l l s  loca ted  within 
100 n.mi. of NASA-Langley using NASA-Wallops weather radar support .  

F i f t een  to ta l  f l i g h t s  were made, of which f i v e  were storm f l i g h t s .  In 
t w o  of these f l i g h t s ,  t he  a i r c r a f t  was operated i n  close proximity t o  
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l ightning-generat ing cumulonimlous clouds. 
were experienced, nor were any d iscernable  electrical transients recorded. 

No direct s t r i k e s  to the  aircraft 

The p r i n c i p a l  b e n e f i t s  of t h i s  program were to provide: a v e r i f i c a t i o n  
of t he  f l i g h t  worthiness of t h e  NASA F-106B airplane f o r  VFR storm research  
t e s t i n g ;  es tabl ishment  of t he  l o g i s t i c s  and maintainance t echn ic s  for support ing 
the  F-106B as a research  t o c l ;  a func t iona l  check of t h e  l i g h t n i n g  instrumenta- 
t i o n  system; a func t iona l  check of t he  atmospheric chemistry data system; a 
development of s u i t a b l e  opera t iona l  procedures;  and, a background f o r  
pro jec t ing  improved equipment and ope ra t iona l  procedures for future  storm 
hazards programs which w i l l  involve storm penet ra t ions .  
f l i g h t s  are expected to  increase  t h e  p r o b a b i l i t y  of obta in ing  direct 
l igh tn ing  s t r i k e  data .  
procedures are: 

Storm pene t r a t ion  

Some of t he  planned improvements i n  equipment and 

1. Equip the  airplane f o r  storm pene t r a t ion  t e s t i n g  (IPR avionics). 

2 .  Have a l l  experimental  d a t a  systems modified where needed to provide 
more e f f i c i e n t  ground pre- and pos t - f l i gh t  se rv ic ing .  

3. Improve real-time weather and l i g h t n i n g  information for making more 
e f f e c t i v e  launch dec is ions  and test guidance. 

4. For storm penet ra t ion  research f l i g h t s ,  high caliber personnel  
expe r t i s e  i n  the  f i e l d s  of weather radar  opera t ion  and a i r  traffic c o n t r o l  
w i l l  be required t o  provide real-time guidance to  the f l i g h t  crew of the  
NASA F-106B a i r c r a f t .  

In  addi t ion ,  t h i s  paper has documented t h e  c h a r a c t e r i s t i c s  of t h e  NASA 
F-106B storm research  a i r p l a n e ,  t he  d i r e c t - s t r i k e  l i gh tn ing  instrumentat ion 
system, atmospheric chemistry d a t a  system, and some of t h e  s a f e t y  cons idera t ions  
and opera t iona l  procedures t h a t  are being used. 
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TABLE 1.- CHARACTERISTICS OF F-106B AIRCRAFT 

Length 21.5 m (70 f t  8 i n )  

Height 6.17 m (20.25 f t )  

Wing span 11.7 m (28 f t  3.5 i n )  

Wing area (gross) 64.83 m2 (697.83 f t  1 

Wing chord a t  root 9.07 m (29 f t  9.25 i n )  

Aspect ratio 2.198 

Wing sweepback angle  

Basic weight 116 538 N (26200 lb) 

Loaded weight 160 702 N (36129 lb) 

Engine 575-P-17 axial flow turbojet 

Thrust a t  sea l e v e l  71 613 N (16100 lb) (mi l i t a ry  t h r u s t )  

Maximum t h r u s t  108 976 N (24500 1’1) 

2 

60° 6 min 1 3  sec 
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TABLE 111.- SPECIFICATIONS FOR NASA-WRLLOPS SPANDiIR 

RADAR AND C-BAND RADAR 

Frequency 

Peak power output 

Pulse repetition frequency 

Beam width 

Range accuracy 

Frequency 

Peak power output 

Azimuth accuracy 

Elevation accuracy 

Range accuracy 

SPANDFLR 

2700 - 2900 MHz 

1 M w  

320 

0.4" 

229 m (750 ft) 

C-band 

5400 - 5900 MHz 

1 M W  

0.1 mil 

0.1 mil 

24.57 m (+15 ft) rms (transponder 
tracking mode) 

ORIGINAL PAGE IS 
OF POOR QUALITY 
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TABLE VI . -  WEAPotJS BAY TEMPERATURE READINGS 

Altitude 

m 

0 

3 , 048 

5 , 486 

9,144 

12,192 

13,716 

610 

0 

f t  

0 

10 , 000 

18,000 

30,000 

40 , 000 

45,000 

2 , 000 

0 

0 Temperature, F 

Forward 
~ ~~ 

80 

85 

85 

90 

80 

80 

80 

95 

A ft 
~ ~~ 

80 

90 

90 

95 

95 

90 

105 

115 
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events. 

23, Patuxent River WSR-57 telephone facsimile plot for September 3, 1979, 
18:SO (;MT. Weather bulletin written on screen at 18:35 GMT. 
Crisfield storm. (Facsimile plot magnified 1.6 times for publication.) 

24. September 3, 1979. Crisfield storm area showing aircraft ground “crack 
from C-band radar, WSR-57 precipitation and visual lightning events. 
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. .5 m (70 ft 8 i n )  

1.7 m (38 ft 3.5 i n )  

6.17 m (20 ft 8 i n )  

Figure 2. -Dimensioned three-view o f  F-106B a i r c r a f t .  
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Subsequent to the final typing of this report, another source of radar 
reflectivity data be- available for the Yorktown and Crisfield stom. 
These data provide suf. 

prodded and discussed in this addendum 

Aently improved infomation, compared to that given 
the text by the Patuxent River USR-57 radar facsimile plots, that they are 

For the Yorktawn and Crisfield storms discussed in the t m ,  the NASA- 
Wallops SBAt?MR radar sampled precipitation intensity (reflectivity) to a 
maximum range of apprmdmately 75 n.mi. 
tied and converted to "received power" and "rainfall rate" using the radar 
equations. Rainfall rate was then corrected for range to give reflectivity 
in dBZ. 
were caerputer averaged over surfaces of 1 id and then plotted at the centers 
of each averaged area to the nearest 5 dBZ. 
vas the origin of the axis system. 
~ ~ ~ u a l l y  to produce contours of constant reflectivity. 
SPANOAR radar system and radar computations may be found in &SA CR-2592, 
"Radar Derived Spatial Statistics of Sumer Rain; Volume I1 - Data Reduction 
and Analysis,'' by m a d  and Krepfli. 

The rly radar video data were digi- 

For the plots presented in this addendum, the reflectivity values 

The WSA-Wallops SPANDAR radar 
Fina l ly ,  the computer plot8 were faired 

Details on the 

Tbe SPBLaaAB reflectivity data for the Yorktown storm of August 28, 1979, 
are shown for tpro times, 20:55:19 and 21:13:10 BFT, in figures i and ii, 
respectively. 
As was the case for figure 22, the aircraft ground track from the IUASA-Wallops 
Gband radar has been superimposed to scale. 
comparing figure 22 to figures i and ti in that figure 22 is plotted in kilo- 
meters while the latter two figures are plotted in nautical miles. 
general motion of the storm from southwest to northeast can be seen by 
comparing the relative positions of the aircraft ground track to the radar 
contours in figures 22, i, and ii. In the 17 minutes and 51 seconds which 
elapsed between figures i and ii, the southern portion of the storm dissipated. 
It can be seen in figures i and ii that the aircraft was flying ahead of the 
storm in the vicinity of the most intense portions of the storm, having a 
reflectivity of 35 to 40 dBZ. 
at 20:21 GMT was 31 to 40 dBZ (figure 22). 

These figures accompany the presentation given in figure 22. 

Care should be taken when 

The 

The peak reflectivity from the WSR-57 radar 

During the flight, the NASA-Wallops SPANDAR radar sampled data at a tilt 
angle of Oo. 
approximate altitudes of the centers of the reflectivity contours in figures 
i and ii were 0.5 n.mi. 
however. 
making thunderstorm penetrations,while in actuality, the aircraft was maneu- 
vering outside the clouds in re ions of clear air at a higher elevation. 
WSR-57 radar tilt angle was O.!?, which meant that the approximate altitude of 
the center of the radar contour in figure 22 was approximately 1 n.mi. 

Considering the curvature of the earth, this meant that the 

The average aircraft altitude was about 2 n.mi., 
This difference in altitudes made it appear that the aircraft was 

The 

A- i 



The SPANDAR reflectivity data at 18:SO:OO GMT for the Crisfield storm 
on September 3, 1979, are shown in figure iii. 
aircraft ground track has been superimposed to scale, and the data are 
plotted i n  nautical miles. 
contour data shown in figure 26. 
40 to 45 dBZ, is in agreement with the 31 to 40 dBZ detected by the WSR-57 
radar (figure 24) .  
iii and 24 is due in part to poor resolution of the WSR-57 radar facsimiles 
received at DIASA-Langley as w e l l  as to the difference in altitude being 
surveyed. As otas the case for the Yorktam storm, the F-106B test aircraft 
was flying at a higher altitude than that at which the SPlwaBB reflectivfty 
contour was made. 
1.8 n-mi., while the approximate height of the center of the SPBblDda contour 
i n  figure iii was 0.13 n . d .  

As in figures i and ii, the 

The data in figure iii correspond to the USB-57 
The peak reflectivity shown in f5gure iii, 

The difference in reflectivity contour shapes in figures 

The average aircraft altitude during the mission was 

A - i i  
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Figure i.- SPANOAR re f lec t iv i ty  levels a t  20:55:19 GMT and a i rc ra f t  
ground track from C-bafid radar for Yorktown storm (August 28. 1979). 
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